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lo is the mostwolcanicallyactive object in the solaystem. It sits inthe solarsystem’s
most intense radiation belt, orbititige planet with the most rapgpin andthe strongest
magnetic field. Many uniquéeatures are associated with lo and its interaction with the
Jovian magnetosphere as the data gathered by Galileo on December 7, 1995 revealed.

lo first called attention toitself through its control of decametriwavelength radio
emissions. Earlattempts tceexplain thiscontrol assumed that 1o washahly electrically
conducting object whose motion through the Jovian magnetic field would lead to electrical
potential dropsparticle acceleration and a field-alignegrrentsystem coupling lo to the
Jovian ionosphere. The force generatedtly electrodynamic interaction is in the
direction to speed up lo in its orbital motion and to slow downdteion of theJovian
ionosphere. The magnetic flux tube that threads loplays a criticalole in thecoupling

of lo and Jupiter. Since lo’s orbital motion is not in synchronism with Jupiter’s spin, the lo
flux tubeslips with respect to Jupiter and/do. Such slippagenay result in an electric
field parallel tothe magetic field that accelerates charged particles along rtregnetic

field asoccurs in the auroral regions d&arth. If 1o were gpoor conductomwith no
ionosphere and a non-conducticiyist, a terrestridfloon-like interaction woulaccur in
which plasmawould hit the moon and be absorbed butwhich little distortion of the
magneticfield would occur. Wien Voyager 1flew within 11 lo radiisouth oflo, it
detected a mamgtic field distortion consistent with the expected current fqedectly
conducting obstacle, about 3 x°AQ and the formemodel became generalfccepted.
Since Galileo passethrough the lo wake in almost th@ane of symmetry of the
interaction, it cannot as easily constrain the size of these currents.

The story is more complicated, however, than thek&micture of a conductomoving
through a magnetic field. lo is surrounded by a corona and extended neutral gas cloud and
a plasmaorus produced by thateraction of the magnetospheric particles with 1o and its
atmosphere. The magnetospheric particta®tatewith Jupiter, because of thestectrical
connection to the ionosphere along the netignfield, and hence streapast lo at
57 km/s. If a neutral particle fromo’s corona and extended neutral gas clbedomes
ionized in this flowing, magnetized plasma, il vimmediately begin to drift with the
background magnetized plasma, and gyeataund the maggtic field (with a velocity
equal to its drift velocity). The momentum gainedtbg “picked up” ions isextracted
from Jupiter’'s angular momentuvia field-alignedcurrents. Mass angiomentum loading
can lead to greater integratefield-alignedcurrent than the conducting sphere situation.
If many particles are picked up in the flow, tflew initially slows down according to
momentum conservation, and the drift velocity and gyration velocingwly createdons
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will be smaller. Thus on streamlines far from lo we expecgtbatest temperatures of the
newly createdons (270 eV and 540 eV favxygen and sulfur ions) arte fewespicked

up particles. On streamlines closestltg the picked upions should be densest and
coldest. We expect that small fraction of the incident magtic flux tubes are not
deflected to thesidesaround lo busslowly flow across the region dteld lines that are
connected tdo. Theseflux tubes becombeavily massoaded and, when they exite lo

flux tube properthey form a dense cold wakeshindlo. This expectation is consistent
with the Galileo ion measurements attie inferred electron density pointing to a cold,
near stagnant "ionosphere" in the center of the wake. Just outside the cold wake the
average ion temperatureabout 360 £ 90 eV as expected fckup at the corotational
velocity of 57 km/s. Insidéhe wake the average temperature is consistent with pickup at
velocities at least &ctor of 6 slowerEventually, downstream from lo we expébat
magnetic forces wouldestore theslowed wakeplasma tothe corotational speed of the
plasma torus but wouldot necessarilyheat it. Far fromo, but at thesame radial distance
from Jupiter, Voyager satypical densities 0R000ions cm® consisting of oxygen and
sulfur ions with temperatures about 100 eVGalileo passethrough a torus o$imilar
composition and temperature but one twice as dense. We atthimutiensity change to

an increase in mass loading by lo.

Since the ions are picked up perpendicular to the metic field, theirinitial angular
distribution is ring-shapedbout the maggtic field. In general, this is a very unstable
configuration and ion cyclotron wavese expected to groand scatter theparticles in
pitch angle so that thesre morasotropically distributechbout the maggtic field. Indeed
strongion cyclotron wavesvere found byGalileo inthe region around l@xtending
outward to 16 R and inside of 10’s orbit t6.5 R,. We note that the growth @faves in
a multi componentplasma such as at lo is complicated and wendbexpect growth
associated with the gyrofrequenciesabfthe picked-up ions, but rathenly the heavier
ones.Finally at near relativistic ion energies lacts as aink of particlesrather than a
source but irabsorbing theskighly energetic particles atoms and ia@re sputteredfom
the surface and the atmosphere enhancing further the mass loading.

In summary we find thaibns are added to thexistingtorus in avolumearoundlo, the

ions flow around lo, and a cold wake region forms downstream. Waves arise to scatter the
particles and the agneticfield is twisted away from its Jovian orientatiddowever, the
magnitude of these effects exceedrn previous expectations. Th@asmawas denser

and colder than expected and the wastesnger Field-aligned beams alectrons, uile
expected, werenly expected to be unidirectionahtot bi-directional. Wenote that either

Galileo nor Voyager 1 entered the flux tubeitself, the one thatinks the moonwith
Jupiter’s ionosphere. It is conceivable that electbteamsthere areeven moreintense

than the bidirectional electron beams seen by Galileo.



